I. INTRODUCTION
In crystals with the NaCl structure,_ slip can occur on two families of slip syst;ems. In those with ionic bonding, at low temperatures, dislocations move on {110) <liO> slip sys.tems producing straight slip steps;
at somewhat higher temperatures they can also move on {001) <liO> slip 1-3 systems producing slip steps that are wavy.
For a polycrystalline material to maintain continuity during plastic deformation, its grains must be able to undergo general changes in shape. Many years ago, von
Mises pointed out that a general change in shape requires shearing on 4 five independent slip systems.
Groves and Kelly have shown that in
NaCl-type crystals slip must occur on both the {110) <liO> and the (001) <110> families to provide five independent slip systems; the -5 {110) <110> family alone provides only two. Accordingly, polycrystal-' line AgCl, NaCl, and KCl are found to be brittle at low temperatures but become ductile at the temperatures where slip on both \110) <liO> and {, } -2 6 7 ~001 <110> families is possible. ' ' Hulse, Copley, and Pask have_measured t~e yield stress for {110} <110>
and {001) <liO> slip in MgO up to 1600° C. 8 Their measurements suggest that slip on both families of slip systems and hence ductility should be possible in polycrystalline MgO, above 600°C; however, polycrystalline
MgO with ductility comparable to polycrystalline AgCl, NaCl, or KCl has \ 8 9 not been reported. ' Only at temperatures in the neighborhood of 1200°C has polycrystalline MgO been observed to strain significantly prior to fracture, and,in this case, the straining was attributed to grain boundary shearing. 9 . ' 
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This investigation-was concerned with an exploratory 'study of the effect of stru.cture* on 'the mechanical behavior of nominally dense :polycrystalline MgO. Speci~Ems from five sources produced by different fabrication methods were used.
II. EXPERIMENTAL PROCEDURE

A. Types of Polycrystalline MgO
The composition of each type of polycrystalline MgO was determined by spectrographic analysis. The constituents are reported in Table I as oxides of the elements. A description of each type follows.
Type 1 was made in the authors' laboratory using a technique based· on.one described by Rice. 10 In brief, a mixture of powdered MgO with 3%'LiF was hot-pressed at 1000°C at a pressure of 3000 psi for about 30 min in a graphite die in a vacuum (10-3 mm-Hg). The resulting compact was then fired at 1300°C for 4 hrs in air. This procedure resulted in a transparent polycrystalline MgO containing approxima'tely 75 ppm of
Lit with a density of 3.579 § and with the microstructure shown ·in Fig~ 1.
The grain size was uniform, the largest cross sections being about 15~.
These specimen~ were called Type 1 (S.G.). Some of this type .was given . * .
. · Structure is used in the broad sense ·to include composition, microstructure, flaws, etc. Microstructure· refers \tO the geometric distribu~,. · tion of identifiable grains and phases. , .Its density was 3. 452, and its microstructure is shown in Fig. 4 . It is typical of crystalline materials sintered in.
\ the presence of a liquid phase in that.the grains are rounded. Large pores are visible within the grains but not on the grain boundaries.
The largest grain cross sections are about 150~.
Type 5 was obtained from the Union Carbide Co. and was made by . casting from the melt. It was locally fairly dense but contained some ,...
large voids.· A representatiVe_ microstructure is shown_ iP. ·Fig. 5. ·A second phase and also cracks can be seen in the regions ·between grains.
The di'stribution of the second phase is not continuous as it is in the Type 4 specimen. The largest grain cross sections are about 4001J..
B. Preparation and Examination of Specimens
Compression c -5~
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The stresses were calculated from initial specimen cross sections and are reported as normal rather than resolved shear stresses. Strains were determined by measuring the displacement of two small divot holes initially 0.5 in •. apart on a side face of the specimen. All reported strains are true strains, the true strain being equal to the natural logarithm of one plus the engineering strain.
Specimens were heated in air in a furnace with MoSi 2 heating elements.
Alumina buttons were placed between specimen ends and the loading rams, which were also made of alumina. · Thin platinum sheets were placed between the specimen ends and the buttons as reaction barriers. A detailed description of the overall apparatus used in this investigation 13 will be published separately.
III. RESULTS
In a force rate experiment, the slope of the stress-strain curve is related to the strain rate at small strains by the equation
·where a is the applied force divided by the cross section of the undeformed specimen, € is the strain, and tis time.· It can be seen that for a constant force rate a small slope of the curve indicates a high strain rate; and a high slope, a low strain rate. . '
The translucency of the deformed Type 1 (S.G.) specimens is thus accounted for by localized fractures and grain boundary separations.
These discontinuities also account for the high strain rates shortly after yielding because they reduce the cross-sectional area resisting deformation. This effect is emphasized with increasing strain because as the amount of localized fracture increases, the gaps between grains join together to form long intergranular cracks roughly parallel to the loading axis. shows typical stress-strain curves for Type 2 specimens at temperatures ranging from 400 to 1400°C. Experiments were stopped prior to fracture to obtain the complete specimens for metallographic examination. It can be seen that the. Type 2 specimens were ductile well below 1200°C. Betw~en 800 and 1200°C 1 parabolic-shaped stressstrain curves were obtained. At 1400°C, however, the curve was similar to that for the Type 1 (S.G.) specimen in that it rapidly became flat after initial yielding, suggesting that grain boundary shearing was occurring at this temperature. At 400°C the stress-strain curve was not parabolic and little bulk strain occurred, while at 600°C it was ·-a-UCRL-11943· deformed at 40Q°C. ·Many grain boundaries were cracked; however, little 1ntragranu1ar cracking was observed. Figure 11 shows the surface of a Type 2 specimen deformed about 5% at 1000°C. This surface had been mechanically and chemically polished prior to. deformation but was not trea·ted after deformation. The. dark spots were caused by the chemical polish and were visible on the surface before deformation. The.wavy lines appeared after deformation and are "wavy slip" steps similar to those observed in NaCl, AgCl, and KCl.
These steps were quite pronounced and appeared in almost all of the grains. They occasionally crossed grain boundaries and often became forked as they _approached grain boundaries. Similar steps were observed on specimens deformed at 800°C but not at 600°C. The 1200 and 1400°C' specimens were not prepared for this observation. The Type 3 stress-strain curve at 1000°C was similar in shape,~o that for the Type 1 specimens except that it had a considerably higher strength at fracture; at 1400°C 1 the curve was similar ·to those for .... -9• UCRL-11943
Types 1 (S.G.) and 2 but it had a lower yield stress. The 1400°C specimen was observed to have markings on its side faces lying at 45°
to the stress axis. These were interpreted as flow markings resulting from extensive shearing along boundaries oriented for maximum,shear
. stress.
The Type 4 specimen exhibited the greatest strength at 1000°C, but it fractured at a low stress and strain at 1400°C. The Type 5 specimens had comparable stress-strain· c~rves but were weaker. Figure 14 shows a surface after deformation at 1400°C. The darkening of the grain boundary regions suggests that this specimen deformed by a progressive shear~ ing and fracture of the second phase.
rJ.
DISCUSSION
The interpretation of the differences in behavior of the various. 
strain hardening behavior of <111> oriented single crystals to that of 8 14 the Type 2 specimens shows that they are indeed comparable. '
After considering in some detail· the Type 2 polycrystalline specimens, their behavior will be compared to that of the other types of polycrystalline MgO. Of particular interest are the behavior differences exhibited by the Types 1 (S.G.) and 2 specimens because of their similarities in . structure. As discussed earlier, both of these specimen types were relatively pure and lacked a detectable second phase. They differed, however, in grain size, in the presence of Li and F in the Type 1 specimens, and in the presence of a dispersion of fine pores in the Type 2 specimens. The Type 1 specimens fractured without significant deformation at 1000°C and below, while the Type 2 specimens exhibited ductile behavior down to 800°C. Yielding was observed in the Type 1 (S.G.) specimens only at 1200°C and above where they deformed primarily by grain boundary shearing. As shown in Fig. 15 , the Type 1 (S.G.) specimens generally supported greater stresses than those required to yield the Type 2 specimens without yielding themselves.
The less-ductile behavior of the Type 1 specimens may be caused by . showed no ductility-at 1000°C.
The greater strength and lack of ductility of the Type 3 specimen at 1000°C can be attributed either to the smaller grain size or the :·. presence of impurities. These factors, particularly the· latter, could also be responsible for the lesser strength at l400°C. · on the Deformation of KCl-KBr Alloys," J. Appl; Phys., 34 [ 11] . . . ..... .0
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